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Abstract
Disease prioritization exercises have been used by several organizations to inform surveil-
lance and control measures. Though most methodologies for disease prioritization are
based on expert opinion, it is becoming more common to include different stakeholders in
the prioritization exercise. This study was performed to compare the weighting of disease
criteria, and the consequent prioritization of zoonoses, by both health professionals and stu-
dents in Switzerland using a Conjoint Analysis questionnaire. The health professionals
comprised public health and food safety experts, cantonal physicians and cantonal veteri-
narians, while the student group comprised first-year veterinary and agronomy students.
Eight criteria were selected for this prioritization based on expert elicitation and literature
review. These criteria, described on a 3-tiered scale, were evaluated through a choice-
based Conjoint Analysis questionnaire with 25 choice tasks. Questionnaire results were
analyzed to obtain importance scores (for each criterion) and mean utility values (for each
criterion level), and the latter were then used to rank 16 zoonoses. While the most important
criterion for both groups was “Severity of the disease in humans”, the second ranked criteria
by the health professionals and students were “Economy” and “Treatment in humans”,
respectively. Regarding the criterion “Control and Prevention”, health professionals tended
to prioritize a disease when the control and preventive measures were described to be 95%
effective, while students prioritized a disease if there were almost no control and preventive
measures available. Bovine Spongiform Encephalopathy was the top-ranked disease by
both groups. Health professionals and students agreed on the weighting of certain criteria
such as “Severity” and “Treatment of disease in humans”, but disagreed on others such as
“Economy” or “Control and Prevention”. Nonetheless, the overall disease ranking lists were
similar, and these may be taken into consideration when making future decisions regarding
resource allocation for disease control and prevention in Switzerland.
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Introduction
Disease prioritization exercises have been used by several organizations and national research
groups to inform surveillance and control measures, while optimizing resource allocation [1–
3]. These priority setting exercises are a multi-dimensional task, as they need to take into con-
sideration several factors which may sometimes be difficult to compare. These include: clinical
factors, such as severity of the disease; epidemiological factors, such as incidence of the disease;
and economic parameters [2, 4].
Several disease prioritization methods have been described, including workshops [2], Delphi
panels [5], and questionnaires [6, 7]. While most of the described methodologies are based on
expert opinion [2, 6–11], several groups have recognized that different stakeholders may per-
ceive risks differently, which could lead to different priorities [12, 13]. This is of particular rele-
vance when considering the perception of zoonotic diseases, as these have a large impact on
numerous life sectors, including health and economy. Moreover, human behavior may largely
affect the spread, prevention, and control of these diseases [13]. Consequently, future refine-
ment of priority setting techniques for zoonoses should incorporate values of multiple stake-
holders within their assessment [14], particularly of those who are directly affected, such as
veterinarians and farmers [3].
A few working groups have already included multiple stakeholder opinions within their
zoonotic disease prioritization exercises. In the Netherlands, Havelaar et al. [15] included both
experts and medicine and veterinary medicine students in their quantitative priority setting
method. More recently, Ng and Sargeant [2, 16, 17] included experts and the general public in
qualitative focus groups to elicit information on which criteria were relevant for disease priori-
tization, and these were then followed by an online Conjoint Analysis (CA) questionnaire to
weight these criteria.
Conjoint Analysis was developed in the sixties by the mathematical psychologists Luce and
Tukey [18], and is often used in the field of marketing and consumer research to obtain infor-
mation on people’s preferences regarding a certain type of product. Each product is described
by a series of attributes, such as price, size or color, and stakeholders are then asked to choose
between products possessing different levels of the same attributes. By choosing one product
over another, people inadvertently provide information on which attributes they consider
more important [19], and this information can then be used for marketing purposes, but also
prioritization exercises.
In Switzerland, the Swiss Food Safety and Veterinary Office and the cantonal veterinary
offices described the need to prioritize zoonotic disease in the recently published document
“Animal Health Strategy 2010+” [20]. As the prioritization should reflect the opinion of Swiss
policy makers and other Swiss stakeholders, thus incorporating the local situation, results pub-
lished by other countries could not be extrapolated to Switzerland. Priorities in Switzerland
might differ from other countries because herd sizes are smaller compared with other Euro-
pean countries [21], and because there are many animal movements due to alpine pasturing
[22, 23]. Moreover, Switzerland is declared as officially free from diseases such as bovine
Tuberculosis or Glanders, though the risk of introduction still persists due to the intensive
international trade and tourism. It is therefore important to take these differences into consid-
eration when prioritizing diseases for control and surveillance in Switzerland.
In a first step to address this request for prioritization of zoonoses, a literature search and
modified Delphi panel based on expert opinion were performed to identify and evaluate disease
criteria relevant for disease prioritization [24]. In a second step, the aims of this study were to:
(i) weight these disease criteria using a CA questionnaire based on both Swiss health profes-
sional and student opinion, and (ii) use these weighting scores to rank 16 notifiable or
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emerging zoonotic diseases in Switzerland. The rationale for this study was to provide Swiss
veterinary public health policy makers with data to update the current list of notifiable and
emerging zoonotic diseases, based on the opinion of multiple Swiss stakeholders.
Materials and Methods
Selection of the criteria used in the prioritization process and
questionnaire development
The methods for criteria selection have been described by Stebler et al. [24], and are summa-
rized schematically in Fig 1. Briefly, 28 criteria relevant for disease prioritization and classified
under 6 domains (“Burden of disease in humans”, “Burden of disease in animals”, “Epidemiol-
ogy”, “Control and prevention”, “Economy” and “Society”), were identified following a thor-
ough literature search. These criteria were then evaluated by experts within a modified Delphi
panel to ensure that the compiled list was adequate and complete, and this was followed by a
weighting exercise.
A questionnaire based on the CA methodology was developed to obtain weighting scores
for each criterion from both health professionals and students. Since an important assumption
of this method is that all assessed criteria must be independent to avoid collinearity, only 8 of
the original 28 criteria were included in the questionnaire. The final eight criteria included in
the questionnaire were: “Severity of the disease in humans”, “Economy”, “Treatment in
humans”, “Incidence of the disease in humans”, “Control and prevention”, “Severity of the dis-
ease in animals”, “Incidence of the disease in animals” and “Transmission”. For each of the
eight criteria, and based on input from a social science expert, a three-tiered measurement
scale was developed.
Due to the fairly large number of criteria to be assessed, a partial-profile Choice-Based Con-
joint Analysis (CBC) survey was developed using Sawtooth Software CBC version 8.2.4. The
partial-profile survey allows one to only assess part of the criteria in each choice task, while
ensuring that all criteria are equally represented. The questionnaire contained 25 choice tasks,
each comparing two fictitious diseases (Disease A and Disease B) with a description of four out
of the eight criteria. Participants were asked to select the disease which they considered had the
higher priority for surveillance and control (see Fig 2 for an example). The disease criteria and
levels assessed varied in each choice task.
The questionnaire was pre-tested to assess the number and clarity of choice tasks, and sug-
gestions were incorporated into the final version. Two versions of the questionnaire, with a
randomized order of choice tasks in each, were created using Sawtooth Software CBC version
8.2.4, and this was done to reduce systematic bias since first presented attributes tend to be
given more attention. These questionnaires were distributed as a paper-and-pencil survey for
both logistical and practical reasons, and all questionnaires were in German. The strength of
design (D-efficiency) calculated for 170 respondents was 684.70669 relative to a full-orthogonal
design, with a standard error<0.05 for each criterion level. The questionnaire is available from
the corresponding author upon request.
Survey population
The stakeholders represented in this study included health professionals and students; the lat-
ter were considered representative of laymen with an interest in agriculture and/or veterinary
medicine, but with no prior expertise in zoonotic diseases.
For the health professional group, the questionnaire was administered in person to the six
experts from the Swiss Food Safety and Veterinary Office who participated in the previously
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Fig 1. A schematic diagram to illustrate the weighting and prioritization process used for prioritization of zoonotic diseases based on health
professional and student opinion in Switzerland. The final disease score for each zoonosis was obtained by matching the levels for the different criteria
with the respective mean utility values obtained from a choice-based Conjoint-Analysis questionnaire.
doi:10.1371/journal.pone.0151394.g001
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held modified Delphi panel [24], and to experts from the Federal Office of Public Health. Crite-
ria used in the selection of these experts included: (i) expertise in the sectors of: animal health,
monitoring of epizootics and zoonoses, food safety, knowledge translation and transfer, and
communication, (ii) availability, and (iii) willingness to participate. The questionnaire was also
sent by mail to all German-speaking and bilingual (German- and French-speaking) Swiss can-
tonal official veterinarians and official physicians, who are responsible for the cantonal surveil-
lance of animal and human health, respectively. Participants had to be German-speaking since
the questionnaire was only available in German, and this was done to avoid possible translation
bias.
The students were represented by first year veterinary students from the Vetsuisse Faculty
(at both the University of Bern and University of Zurich), as well as first-year agronomy stu-
dents from the School of Agricultural, Forest and Food Sciences in Bern. A presentation
explaining the purpose of the research project and questionnaire preceded the distribution of
the questionnaire. All questionnaires were kept anonymous, and a 10 Swiss Francs (8€)
voucher was offered as an incentive to all the students who completed the questionnaire.
According to Swiss Legislation, no ethical clearance was required for this study since it did
not involve collection of sensitive data. All participants were involved voluntarily and gave con-
sent for their responses to be used for research purposes and to be published.
Fig 2. An example of a choice task used in the Choice-Based Conjoint Analysis questionnaire to obtain expert and student opinion on zoonotic
disease prioritization in Switzerland. In each choice task, two fictitious diseases were presented (Disease A and Disease B), each of which was described
using different levels of four out of eight criteria; the disease criteria and levels varied in each choice task. Note: The questionnaire used in this study was in
German, and this choice task has been translated into English specifically for publication.
doi:10.1371/journal.pone.0151394.g002
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Statistical analyses
Data obtained from each questionnaire were entered into an Excel spreadsheet (Microsoft
Office Excel, 2007), saved as a csv-file, and then imported into Sawtooth Software CBC/HB ver-
sion 8.2.4. This software uses a Hierarchical Bayes model to estimate the part-worth utility val-
ues (ß) and importance scores of each respondent, based on which of the two diseases
described in each choice task was selected for prioritization, and the corresponding attributes
and levels used to describe that disease.
The Hierarchical Bayes model has an upper- and lower-level model; the former models the
variation in preference between respondents (between variation) and serves as a prior informa-
tion, while the latter models the variation between questions answered by the same respondent
(within variation), and provides a likelihood. The model then determines posterior probability
values based on the most optimal weight of the upper- and lower-level models, and these are
equivalent to the Mean Utility Values (MUVs). These final individual-level parameter esti-
mates represent the relative influence each criterion level had on respondent choices, with
higher values indicating a stronger influence on choice.
Importance scores are then estimated for each criterion by dividing the difference between
the highest and lowest criterion level mean utility value, by the sum of all mean utility value
ranges for all criteria. Therefore, the greater the magnitude between the higher and lower
MUVs, the greater the importance score, indicating that these criteria had a stronger influence
on which disease was prioritized.
To assess for potential confounding, the effect of a few covariates on the MUVs obtained
from the student group was evaluated. The covariates assessed included: subject (veterinary
medicine vs. agronomy), farming background (yes vs. no), gender and age. This was not possi-
ble for the health professional group since the sample size was too small. The goodness-of-fit of
the model was based on the expected percent certainty and Root LikeliHood (RLH). The
expected percent certainty is 0% for a chance model, and 100% for a perfect model, while the
expected RLH is 0.5 for a chance model (1 divided by the number of choice tasks, which in this
study was 2), and 1.0 for a perfect model.
Selection and scoring of zoonoses
Sixteen zoonoses, representing either one of the four categories of notifiable diseases or the cat-
egory of emerging diseases in Switzerland [25], were selected for evaluation in this study. These
diseases were selected either because of their current status in Switzerland and in neighboring
countries, or due to their relative importance in other recently published ranking lists [3, 15,
26].
Each of these 16 zoonoses was evaluated using the same eight 3-tiered criteria developed for
the CA questionnaire. Scoring was done independently by two of the authors (NS and LCF),
and decisions were based on information found in recently published articles on the topic [3,
27], official web-sites [28–30], disease reports [31] and a textbook [32]. The levels assigned to
each criterion, for each disease, were compared during a consensus process between the two
authors, and any disagreement was resolved through discussion and by consultation with a
third co-author (GS-R) (The levels assigned to the 8 criteria for each of the 16 zoonotic diseases
are available in S1 Table).
Ranking of zoonoses for disease prioritization
Two zoonotic disease ranking lists were created using the MUVs obtained from the CBC ques-
tionnaires administered to the health professional and student groups, respectively.
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Specifically, a final disease score was created by taking the MUV for the level that matched
the score assigned to the eight criteria, for each disease and criterion, respectively. The 8 MUVs
were added up to create a final disease score, which was then used to rank the 16 zoonotic dis-
eases. For sensitivity analysis purposes, the 95% lower and upper confidence intervals were
applied to the MUVs, and any changes in the ranking lists were noted.
Results
Survey population
Thirty two health professionals participated in this study. These included: five public health
experts from the Federal Office of Public Health and seven veterinary experts from the Swiss
Food Safety and Veterinary Office. Additionally, the questionnaire was completed and
returned by 6 out of 19 (32%) German-speaking cantonal official physicians, and 14 out of 15
(93%) German-speaking cantonal veterinary officers. Of these 32 experts, 21 (66%) were male
and 11 (34%) were female. The mean age of this group was 52.2 years (range = 35 to 65 years).
A total of 204 students were present in class when the questionnaire was administered, and
all completed the questionnaire. Of these, 136 (67%) were first-year veterinary students (of
which 60 and 76 students were from the University of Bern and the University of Zurich,
respectively), and 68 (33%) were first-year agronomy students. Of the 204 students, 49 (24%)
were male and 155 (76%) were female. The mean age was 21.4 years (range = 18 to 37 years).
Disease criteria Importance Scores and Mean Utility Values based on
Health Professional opinion
The three highest-weighted criteria by health professionals were “Severity of the disease in
humans” (importance score = 16.52), followed by “Economy” (importance score = 16.41), and
“Treatment in humans” (importance score = 14.66), while the criterion “Transmission” was
the least influential (importance score = 8.43) (Table 1).
Twenty-four MUVs were estimated (3 levels for each of the 8 criteria), and these values ran-
ged from -71.51 to 67.80 (Table 1). Seven of the eight criteria were more likely to be selected
when described using the third level, compared to when they were described with the first or
second level. Taking “Treatment in humans” as an example, a disease was selected by more
health professionals when it was described using the third level of this criterion (i.e. “Treatment
lasts for more than four weeks”; MUV = 67.80), compared to when it was described using the
first (i.e. “Treatment lasts less than a week”; MUV = -41.15) or second level (i.e. “Treatment
lasts two weeks”; MUV = -26.66). The only exception was the criterion “Control and preven-
tion”, where a disease was more likely to be selected by the health professionals if it was
described using the first level of this criterion (i.e. “Measures are 95% effective”; MUV = 32.75),
as opposed to when it was described using the second (i.e. “Measures are 50% effective”; MUV =
9.01), or third level (i.e. “Measures are 5% effective; MUV = –41.76).
The overall fit of the model using health professional data was above satisfactory, with a per-
cent certainty fit of 83.6% and an RLH of 0.85.
Disease criteria Importance Scores and Mean Utility Values based on
Student opinion
The three criteria that were weighted highest by the student group were “Severity of the disease
in humans” (importance score = 17.95), followed by “Treatment in humans” (importance
score = 15.15), and “Incidence of the disease in animals” (importance score = 13.67), while
“Economy” was the least influential criterion (importance score = 7.80) (Table 1).
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The MUVs for the 24 levels ranged from -78.21 to 69.54 (Table 1). For all criteria, the third
level always had the highest MUV, indicating that priority was given to those diseases that
were described using the third level. Unlike the health professionals, this was also the case for
the criterion “Control and prevention”, where students were more likely to prioritize a disease
if it was described using the third level (i.e. “Measures are 5% effective”; MUV = 12.37), rather
Table 1. The eight criteria, and the three levels used to describe each one of them, included in a Choice-Based Conjoint Analysis questionnaire on
zoonotic disease prioritization in Switzerland, and their Rank (based on the Importance Score), the Importance Score (and Standard Deviation),
and the Mean Utility Values of each criterion level, assigned by the health professional and student groups, respectively.
Health Professionals Students










Severity of the disease in humans 1 16.52 (6.39) 1 17.95 (5.37)
Fatality in humans <1% -71.51 -78.21
Fatality in humans = 20% 14.86 13.69
Fatality in humans >30% 56.66 64.52
Economy 2 16.41 (5.25) 8 7.80 (3.78)
No impact on trade -67.59 -28.46
Slight restrictions 5.65 2.08
Stand-still 61.93 26.39
Treatment in humans 3 14.66 (4.96) 2 15.15 (5.64)
Lasts less than 1 week -41.15 -45.78
Lasts for 2 weeks -26.66 -23.76
Lasts more than 4 weeks 67.80 69.54
Incidence of the disease in humans 4 13.00 (3.87) 5 12.50 (3.58)
Incidence in humans in the last 5 years in
Switzerland <50 persons
-56.54 -57.29
Incidence in humans in the last 5 years in
Switzerland = 500 persons
22.45 17.66
Incidence in humans in the last 5 years in
Switzerland >1000 persons
34.10 39.63
Control and prevention 5 11.78 (5.26) 6 10.41 (5.66)
Measures are 95% effective 32.75 -14.43
Measures are 50% effective 9.01 2.06
Measures are 5% effective -41.76 12.37
Severity of the disease in animals 6 10.53 (4.39) 4 13.00 (4.40)
Fatality in animals <1% -44.70 -54.96
Fatality in animals = 20% 17.42 8.51
Fatality in animals >30% 27.28 46.45
Incidence of the disease in animals 7 8.67 (5.34) 3 13.67 (5.96)
Incidence in animals in the last 5 years in
Switzerland <50 animals
-32.44 -55.62
Incidence in animals in the last 5 years in
Switzerland = 500 animals
13.22 5.25
Incidence in animals in the last 5 years in
Switzerland >1000 animals
19.22 50.36
Transmission 8 8.43 (4.05) 7 9.53 (4.71)
By direct contact -17.61 -23.14
By indirect contact -10.78 -6.63
Air-borne 28.39 29.78
doi:10.1371/journal.pone.0151394.t001
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than with the first (i.e. “Measures are 95% effective”; MUV = –14.43), or second level (i.e.
“Measures are 50% effective”; MUV = 2.06).
None of the covariates assessed in the CA was associated with how the students’ prioritized
the disease criteria. For the student group, the model fit was also above satisfactory, with a per-
cent certainty fit of 79.9% and an RLH of 0.8.
Scoring and ranking of the zoonotic diseases
The ranking lists of zoonotic diseases based on the MUVs from the health professional and stu-
dent group, and the respective difference in rank, are presented in Table 2. For both groups,
the two most important diseases were Bovine Spongiform Encephalopathy (BSE) and Rabies,
while Bovine Tuberculosis and Glanders were ranked third for the health professionals and stu-
dents, respectively. Newcastle Disease, West Nile Fever and Avian Chlamydiosis were ranked
as the bottom three in both lists. Overall, 6 of the 16 diseases had the same rank in both groups,
while the other 10 diseases were ranked within 3 positions of each other. When the upper and
lower 95% confidence intervals were applied to the MUVs based on the health professionals’
opinion, 12 of the 16 diseases did not change their position in the ranking list, 3 diseases
moved one position, and only 1 disease (Toxoplasma) was ranked 4 positions lower with the
upper confidence limit. When the 95% confidence intervals were applied to the MUVs based
on the students’ opinion, 12 of the 16 diseases did not change their position in the ranking list,
while 4 diseases moved 1 position (results not shown).
Discussion
“Severity of the disease in humans” was considered the most important criterion when priori-
tizing diseases, followed by the criterion “Treatment in humans” (second important criterion
Table 2. The 16 notifiable or emerging zoonoses which were ranked using the sum of the Mean Utility Values obtained from a Choice-Based Con-
joint Analysis questionnaire administered to both health professionals and students, and their relative rank difference, in a study on prioritization
of zoonoses in Switzerland.
Rank Ranking based on Mean Utility









Difference in Rank (relative to
Health Professionals)
1 Bovine Spongiform Encephalopathy 146.66 Bovine Spongiform
Encephalopathy
72.93 0
2 Rabies 83.55 Rabies 32.11 0
3 Bovine Tuberculosis 48.58 Glanders 14.28 1
4 Glanders 24.84 Echinococcosis 6.67 2
5 Listeriosis 14.98 Bovine Tuberculosis -2.21 -2
6 Echinococcosis -12.6 Avian Inﬂuenza -7.99 1
7 Avian Inﬂuenza -24.94 Listeriosis -23.66 -2
8 Nipah Virus Encephalitis -41.63 Q Fever -50.22 2
9 Toxoplasmosis -56.1 Nipah Virus Encephalitis -52.51 -1
10 Q Fever -67.89 Campylobacteriosis -99.97 3
11 Leptospirosis -120.38 Leptospirosis -117.67 0
12 Salmonellosis -155.66 Toxoplasmosis -150.1 -3
13 Campylobacteriosis -158.91 Salmonellosis -183.59 -1
14 Newcastle Disease -204.55 Newcastle Disease -187.07 0
15 West Nile Fever -231.11 West Nile Fever -220.57 0
16 Avian Chlamydiosis -249.29 Avian Chlamydiosis -310.86 0
doi:10.1371/journal.pone.0151394.t002
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for students, and third for health professionals). The criterion “Severity of the disease in
humans” is also highly weighted in several other studies [5, 15–17, 33], and this could be since
it is a criterion which most people can relate to, regardless of their background or expertise. On
the other hand, the weighting of the criterion “Treatment in humans” varies considerably in
different studies: it is rated highly in a study from Belgium [33], in the midrange in a study
from Canada and the USA [3], and as of negligible importance in a study from Colombia [5],
though it should be noted that the way this criteria is categorized in the other studies differs
slightly from the categorization used in this study. The perceived importance of treatment
might vary between countries as a consequence of differences in health care systems and acces-
sibility to treatments, or due to differences in societal organizations and institutions as a whole.
Health professionals weighted “Economy” as the second most important criterion (impor-
tance score = 16.41), while for the students it was the least influential criterion (importance
score = 7.80). This difference between the two groups is not surprising, as research has shown
that health professionals often take an objectivist approach to risk management, using quantifi-
able concepts such as costs to assess and measure risk [34]. Therefore, economic components
related to disease control would play a more important part in an experts’ decision on whether
to prioritize a disease or not, compared to other stakeholders involved.
On the other hand, students considered “Incidence of the disease in animals” and “Severity
of the disease in animals”more important, compared to health professionals, as these criteria
were weighted third and fourth, respectively. This offers some insight into how future veteri-
narians and farmers, both important stakeholders in decisions regarding zoonoses prioritiza-
tion, may perceive disease control and management strategies. Research has shown that, while
some control strategies such as culling may be more economically feasible, their implementa-
tion has sometimes failed because farmers might prefer more expensive strategies that safe-
guard their animals’ wellbeing, such as vaccination [35]. Therefore, control strategies that do
not take into consideration the difference in priorities given by different stakeholders, and the
importance of proper risk communication, might have less support from those involved [35].
Interestingly, health professionals in this study tended to prioritize a disease when the con-
trol and preventive measures were described to be 95% effective, while the students prioritized
a disease if there were almost no control and preventive measures available. This further high-
lights how multiple stakeholders may perceive risks differently. Experts often take a more man-
agerial stance, also taking feasibility of disease control into account. On the other hand, lay
people tend to have a more subjectivist perception of disease risk, focusing on those risks that
are unknown or not controllable. It is therefore important that health professionals engage in a
two-way communication with, and understand the concerns of other stakeholders involved, to
overcome the possible barriers created by these different risk perceptions [36]. Results from
risk prioritization exercises such as this can facilitate risk communication by providing an
insight into how to address concerns and priorities of different stakeholders. Lastly, all partici-
pants tended to prioritize a disease if it was transmitted via indirect or airborne routes, versus
direct routes. This may be because such transmission is perceived to be faster and harder to
avoid, compared to transmission which requires direct contact with an infected animal or
person.
Two ranking lists were created based on the MUVs from the health professionals and stu-
dent group, respectively. The two top-ranked diseases were BSE and Rabies, while Bovine
Tuberculosis and Glanders were ranked third by the health professionals and students group,
respectively (Table 2).
In this study, BSE was ranked first by both groups, and this is because it was assigned the
highest level for the criteria “Severity of the disease in humans”, “Severity of the disease in ani-
mals”, “Economy” and “Treatment in humans”, particularly since the disease is fatal and no
Zoonoses Prioritization Using Conjoint Analysis
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treatment is currently available. Bovine Spongiform Encephalopathy has a high impact on the
economy, and has resulted in high public awareness. This was particularly the case in Switzer-
land since, after the United Kingdom, it was the first country that acknowledged and dealt with
cases during the disease epizootic in the nineties, and this led to a complete re-structuring of
the Swiss veterinary services. Bovine Spongiform Encephalopathy variant Creutzfeld-Jakob
Disease or Transmissible Spongiform Encephalopathies in general, are also among the top ten
diseases in studies by Horby et al. [37], Havelaar et al. [15], and Ng and Sargeant [16, 17].
Rabies also received a high weighting in this study because of the high severity of the disease
in both humans and animals. Despite this high fatality, rabies is also an easily preventable dis-
ease with effective post-exposure prophylaxis treatment in humans and control options avail-
able in both dog and wildlife populations [38]. Given the high burden of rabies globally [38],
accompanied by the high feasibility to eliminate the disease [39, 40], it is not surprising that
rabies would be one of the top prioritized diseases.
While these results were not unexpected for some of the reasons mentioned above, they do
highlight that there may be a major difference between the perception of which diseases are
important and the actual reality on the ground. In the latest report for zoonoses monitoring in
Switzerland [31], the most commonly identified zoonotic diseases were Campylobacteriosis
and Salmonellosis, with 7481 and 1271 confirmed human cases respectively. On the other
hand, no human cases of BSE variant Creutzfeld-Jakob Disease or Rabies, the two top-ranked
diseases in this study, were reported for the same year.
In general, these ranking lists cannot be compared with the results of other disease prioritiza-
tion studies, as these are often based on different epidemiological characteristics or methodolo-
gies. Regarding the latter, there is still no accepted gold standard method for prioritization
exercises. Several prioritization exercises often start with a qualitative method, which allows for
the collection and refinement of different opinions on the relevance and weighting of disease
criteria [10, 27, 41]. Qualitative methods also allow for the assessment of a larger number of cri-
teria, which in turn provides a more accurate assessment of the diseases. However, these meth-
ods can be laborious and time-consuming, and may be limited by the number of experts
available or willing to participate. Therefore, quantitative methods can serve as an important
adjunct to further refine the weighting estimates, and may be easier to implement once the nec-
essary software is available. Moreover, the use of fewer criteria for disease prioritization allows
for a quick disease assessment, making the exercise more practical and accessible. Both qualita-
tive and quantitative methods may have internal validity if properly executed; however, external
validity might be more easily achieved with a quantitative method as this can be administered
to a larger study population. Lastly, results from a quantitative method may sometimes be more
easily communicated, compared to qualitative results, as they often evaluate fewer criteria and
generate estimates with uncertainty values around them. In our study, the combination of a
qualitative study (to identify and evaluate criteria) followed by a quantitative study (to further
refine the criteria weighting), proved to be useful for the aim of the Swiss Federal Food Safety
and Veterinary Office to use this ranking for decisions regarding allocation of resources to
future surveillance and control of zoonoses. For this purpose, it is extremely important that the
ranking reflects the opinion of the most important stakeholders, such as experts and veterinary
and medical professionals. This was achieved by involving experts in the selection of the criteria
(the qualitative step), and by using relevant stakeholder groups for the weighting of the criteria
(the quantitative step). Stakeholder involvement could be further improved by also including a
representative group of consumers in the prioritization exercise.
In this study, the CA questionnaire was developed using eight criteria described on a three-
tiered scale. This was done to reduce the number of choice tasks within each questionnaire and
to ensure that all criteria assessed in the CA questionnaire were independent. Despite this, we
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recognize that some of the criteria such as “Severity of the disease”, “Transmission” and “Econ-
omy”might still not be completely independent (e.g. a more severe disease is likely to have a
greater impact on economy, compared to a less severe disease).
One of this study’s limitations was the relatively small sample size of the health professional
group, compared to the student group. Nonetheless, the statistical analysis of a CA using Hier-
archical Bayes models can still be effective for small sample sizes [19], and this was demon-
strated by the overall fit of the model which was above satisfactory for both groups. Another
limiting factor was the low response rate of cantonal physicians (31%), compared to that of the
cantonal veterinarians (93%). This may be explained by the fact that the veterinarians are more
aware of the importance of zoonoses, and were therefore more willing to participate in the
study. We recognize that this discrepancy between animal and human health professionals
may have led to non-response bias, as veterinarians were more likely to prioritize “Economy”,
compared to human health professionals. However, given the small sample size, we were
unable to perform a stratified analysis for the animal and human health professionals. We also
recognize that the omission of practicing veterinarians and farmers from this study might have
led to selection bias due to choice of comparison group, while limiting the external validity of
this study, but their inclusion was not possible due to logistical and financial constraints of this
study. Misclassification bias due to leading questions in the questionnaire might also have been
possible. However, the latter was dealt with by using the narrative form to describe the fictitious
diseases in each choice task, and by randomizing the order of the choice tasks in each
questionnaire.
Overall, this study provided information on which criteria are relevant for disease prioritiza-
tion, and their respective weighting based on both health professional and student opinion. The
study results indicate that while some criteria were weighted similarly by both groups, the
weighting of other disease criteria varied considerably. Moreover, the perception of “Control
and Prevention”measures was dissimilar between the two groups. Nonetheless, the ranking of
diseases was similar between the two groups, especially for the top two diseases. These findings
will inform future policy-making on the prioritization of zoonotic disease control and surveil-
lance in Switzerland, thus helping to optimize future allocation of resources. Moreover, the
results of this study have contributed to discussions regarding which criteria should be used to
establish a list of “Diseases of Union Concern”, as part of the new European Animal Health Law.
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on zoonotic prioritization in Switzerland.
(DOCX)
Acknowledgments
The authors thank all the experts and students who participated in this study and Marie-Eve
Cousin for providing social science input when developing the questionnaires and for valuable
comments to the first draft of this manuscript.
Author Contributions
Conceived and designed the experiments: NS GS-R PB LCF. Performed the experiments: NS
LCF. Analyzed the data: NS LCF. Contributed reagents/materials/analysis tools: GS-R. Wrote
the paper: NS GS-R PB LCF.
Zoonoses Prioritization Using Conjoint Analysis
PLOS ONE | DOI:10.1371/journal.pone.0151394 March 11, 2016 12 / 14
References
1. World Health Organization (WHO). Setting priorities in communicable disease surveillance. 2006;
Available: http://www.who.int/csr/resources/publications/surveillance/WHO_CDS_EPR_LYO_2006_3.
pdf. Accessed 8 August 2013.
2. Balabanova Y, Gilsdorf A, Buda S, Burger R, Eckmanns T, Gärtner B, et al. Communicable Diseases
Prioritized for Surveillance and Epidemiological Research: Results of a Standardized Prioritization Pro-
cedure in Germany, 2011. PLoS ONE. 2011; doi: 10.1371/journal.pone.0025691
3. Ng V, Sargeant JM. A Stakeholder-Informed Approach to the Identification of Criteria for the Prioritiza-
tion of Zoonoses in Canada. PLoS ONE. 2012; doi: 10.1371/journal.pone.0029752
4. Morgan D, Kirkbride H, Hewitt K, Said B, Walsh AL. Assessing the risk from emerging infections. Epide-
miol Infect. 2009; 137: 1521–1530. doi: 10.1017/S0950268809990227 PMID: 19538820
5. Cediel N, Villamil LC, Romero J, Renteria L, De Meneghi D. Setting priorities for surveillance, preven-
tion and control of zoonoses in Bogotá, Colombia. Rev Panam Salud Publica. 2013; 33: 316–324.
PMID: 23764662
6. Cox R, Sanchez J, Revie CW. The Use of Expert Opinion to Assess the Risk of Emergence or Re-
Emergence of Infectious Diseases in Canada Associated with Climate Change. PLoS ONE. 2012; doi:
10.1371/journal.pone.0041590
7. Cox R, Sanchez J, Revie CW. Multi-Criteria Decision Analysis Tools for Prioritising Emerging or Re-
Emerging Infectious Diseases Associated with Climate Change in Canada. PLoS ONE. 2013; doi: 10.
1371/journal.pone.0068338
8. Horst HS, Dijkhuizen AA, Huirne RBM, De Leeuw PW. Introduction of contagious animal diseases into
The Netherlands: elicitation of expert opinions. Livest Prod Sci. 1998; 53: 253–264.
9. World Health Organization (WHO). The Dubrovnik pledge on surveillance and prioritization of infectious
diseases. Report on aWHOmeeting in Bucharest, Romania, 21–23 November 2003. Copenhagen
WHORegional Office for Europe.
10. Krause G, and the Working Group on Prioritization at the Robert Koch Institute. How can infectious dis-
eases be prioritized in public health? A standardized prioritization scheme for discussion. EMBO
reports. 2008; 9: 22–27.
11. Del Rio Vilas VJ, Voller F, Montibeller G, Franco LA, Sribhashyam S, Watson E, et al. An integrated pro-
cess and management tools for ranking multiple emerging threats to animal health. Prev Vet Med.
2013; 108: 94–102. doi: 10.1016/j.prevetmed.2012.08.007 PMID: 22954461
12. Jensen KK, Lassen J, Robinson P, Sandøe P. Lay and expert perceptions of zoonotic risks: under-
standing conflicting perspectives in the light of moral theory. Int J Food Microbiol. 2005; 99: 245–255.
PMID: 15808359
13. Wauters E, Rojo-Gimeno C. Socio-psychological veterinary epidemiology. A new discipline for an old
problem. Society for Veterinary Epidemiology and Preventive Medicine Proceedings, Dublin, Ireland,
26th– 28th March 2014. Pp. 133–151.
14. Lomas J, Fulop N, Gagnos D, Allen P. On Being a Good Listener: Setting Priorities for Applied Health
Services Research. Milbank Q. 2003; 81: 363–388. PMID: 12941000
15. Havelaar AH, van Rosse F, Bucura C, Toetenel MA, Haagsma JA, Kurowicka D, et al. Prioritizing
Emerging Zoonoses in The Netherlands. PLoS ONE. 2011; doi: 10.1371/journal.pone.0013965
16. Ng V, Sargeant JM. A Quantitative and Novel Approach to the Prioritization of Zoonotic Diseases in
North America: A Public Perspective. PLoS ONE. 2012; doi: 10.1371/journal.pone.0048519
17. Ng V, Sargeant JM. A Quantitative Approach to the Prioritization of Zoonotic Diseases in North Amer-
ica: A Health Professionals’ Perspective. PLoS ONE. 2013; doi: 10.1371/journal.pone.0072172
18. Luce RD, Tukey JW. Simultaneous conjoint measurement: a new type of fundamental measurement. J
Math Psych. 1964; 1: 1–27.
19. Sawtooth Software Inc. Analysis with tiny sample sizes. Adaptive CBC (ACBC) Help. 2013. Available:
https://www.sawtoothsoftware.com/help/issues/ssiweb/online_help/analysiswithtinysamplesize.htm.
Accessed 3 July 2014.
20. Swiss Food Safety and Veterinary Office. Animal Health Strategy 2010+. 2012; Available: http://www.
bvet.admin.ch/gesundheit_tiere/03007/index.html?lang=en. Accessed 8 August 2013.
21. Swiss Federal Statistical Office. Landwirtschaftliche Kennzahlen im internationalen Vergleich. 2010.
Available: http://www.bfs.admin.ch/bfs/portal/de/index/themen/07/03/blank/ind24.indicator.240602.
2406.html. Accessed 25 November 2014.
22. Parker G. Prehistoric Farming in Europe. United Kingdom: Cambridge University Press. 1985.
Zoonoses Prioritization Using Conjoint Analysis
PLOS ONE | DOI:10.1371/journal.pone.0151394 March 11, 2016 13 / 14
23. Voelk V, Graber HU, van den Borne BHP, Sartori C, Steiner A, Bodmer M, et al. A longitudinal study in
investigating the prevalence of Staphylococcus aureus genotype B in seasonally communal dairy
herds. J. Dairy Sci. 2014; 97: 4184–4192. doi: 10.3168/jds.2013-7291 PMID: 24835960
24. Stebler N, Schuepbach-Regula G, Braam P, Falzon LC. Use of a modified Delphi panel to identify and
weight criteria for prioritization of zoonotic diseases in Switzerland. Prev Vet Med. 2015; 121: 165–169.
doi: 10.1016/j.prevetmed.2015.05.006 PMID: 26036342
25. Swiss Federal Chancellery. 2013. Available: http://www.bvet.admin.ch/dokumentation/01013/01016/
index.html?lang=de. Accessed 12 August 2013.
26. Humblet MF, Vandeputte S, Albert A, Gosset C, Kirschvink N, Haubruge E, et al. Multidisciplinary and
evidence-based method for prioritizing diseases of food-producing animals and zoonoses. Emerg
Infect Dis. 2012; 18, doi: 10.3201/eid1804.111151
27. O'Brien D, Delavergne M. Prioritising research to control animal diseases more effectively. The DIS-
CONTOOLS initiative. 2012. Available: http://www.bft-online.de/fileadmin/bft/publikationen/
DISCONTOOLS_Brosch%C3%BCre.pdf. Accessed 8 August 2013.
28. Federal Food Safety and Veterinary Office. Overview Zoonoses 2013. Available: http://www.blv.admin.
ch/themen/03605/04710/index.html?lang=de. Accessed July-December 2013.
29. Federal Office of Public Health. Infectious diseases (A-Z). 2013. Available: http://www.bag.admin.ch/
themen/medizin/00682/00684/index.html?lang=en. Accessed July-December 2013.
30. World Organisation for Animal Health (OIE). Available: http://www.oie.int/animal-health-in-the-world/
technical-disease-cards/. Accessed July-December 2013.
31. European Food Safety Authority. Zoonoses Monitoring in Switzerland: Trends and Sources of Zoono-
ses and Zoonotic Agents in Humans, Foodstuffs, Animals and Feeding Stuffs. 2013; Available: http://
www.blv.admin.ch/dokumentation/00327/04538/04815/index.html?lang=de. Accessed 22 September
2015.
32. Palmer SR, Soulsby L, Torgerson PR, Brown DWG. Oxford Textbook of Zoonoses—Biology, Clinical
Practice and Public Health Control. 2nd ed. Oxford University Press; 2013.
33. Cardoen S, Van Huffel X, Berkvens D, Quoilin S, Ducoffre G, Saegerman C, et al. Evidence-Based
Semiquantitative Methodology for Prioritization of Foodborne Zoonoses. Foodborne Pathog Dis. 2009;
6: 1083–1096. doi: 10.1089/fpd.2009.0291 PMID: 19715429
34. Hansen J, Holm L, Frewer L, Robinson P, Sandøe P. Beyond the knowledge deficit: recent research
into lay and expert attitudes to food risks. Appetite. 2003; 41: 111–121. PMID: 14550309
35. Cohen NE, van Asseldonk MAPM, Stassen EN. Social-ethical issues concerning the control strategy of
animal diseases in the European Union: A survey. Agric Human Values. 2007; 24: 499–510.
36. Hansen J. The societal environment and perception of risk management—a social science perspective.
Talk prepared for the European College of Veterinary Public Health conference, Copenhagen, October
8th 2014. Available: http://ecvph.org/members-area/downloads/cat_view/31-ecvph-meetings/47-
ecvph-agm-a-annual-scientific-conference-2014/50-oral-presentations. Accessed 14 November 2014.
37. Horby P, Rushdy A, Graham C, O’Mahony M. PHLS overview of Communicable Diseases 1999. Com-
mun Dis Public Health. 2001; 4: 8–17. PMID: 11467030
38. Hampson K, Coudeville L, Lembo T, Sambo M, Kieffer A, Attlan M. Estimating the Global Burden of
Endemic Canine Rabies. PLoS Negl Trop Dis 2015; doi: 10.1371/journal.pntd.0003709
39. Abela-Ridder B. Rabies: 100 per cent fatal, 100 per cent preventable. Vet Rec 2015; 177:148–149 doi:
10.1136/vr.h4196 PMID: 26251539
40. World Health Organisation. Rationale for Investing in the Global Elimination of Dog-Mediated Human
Rabies. Available: http://apps.who.int/iris/bitstream/10665/185195/1/9789241509558_eng.pdf.
Accessed 14 December 2015.
41. Council of the European Union. Non-paper on Prioritisation of animal-related threats and biosecurity.
2008; Available: http://register.consilium.europa.eu/doc/srv?l=EN&f=ST%209536%202008%20ADD%
201. Accessed 6 September 2014.
Zoonoses Prioritization Using Conjoint Analysis
PLOS ONE | DOI:10.1371/journal.pone.0151394 March 11, 2016 14 / 14
